An objective screening procedure was needed which would enable separation of F1 hybrids between Poa ampla and P. pratensis for use in a plant breeding programme from maternal-type offspring. Data from a cloned plant field trial were used in canonical analysis of discriminance, principal components analysis and principal co-ordinate analysis; a measure of Euclidean distance was also computed.
INTERSPECIFIC hybrids were produced between Poa ampla Merr. and P. pratensis L. (sensu lato) in a breeding programme with the objective of introgressing characteristic early season growth from P. ampla into P.
praten.ris. Both species are facultative apomicts; apomictic seed production has been shown to be aposporous and pseudogamous (Akerberg, 1939 , 1942 and Muntzing, 1940 . The biotypes used as parents in the breeding programme all yielded a very high proportion of apomictic seed when grown at the Scottish Plant Breeding Station.
Most hybrids between these species can be distinguished from maternal (apomictically produced) offspring by their morphological characters. Visual assessments on seedlings and in the field have been used to screen similar material for the presence of hybrids (Clausen, Keck and Hiesey, 1944 and 1945) . However it can be difficult to separate hybrids which are phenotypically similar to the maternal types on the basis only of visual assessments which are necessarily subjective. Grun (1954) was able to relate some morphological characters to somatic chromosome number in interspecific hybrids of Poa. Chromosome counts were not found to be sufficiently reliable in Pentlandfield material to help in identifying hybrids due to the frequent occurrence of aneusomaty (Williamson, 1976) , a characteristic also noted in P. pratensis by Speckman and van Dijk (1972) . There were no marker genes available in the material to aid in screening for hybrids. Almgârd (1969) successfully used electrophoretic methods to distinguish hybrid from maternal plants within a partially apomictic family of P. pratensis. Spoor and Hay (1978) were able 215 to separate hybrids from P. ampla and P. pratensis parental lines using esterase and peroxidase isozymes in material supplied by the Scottish Plant Breeding Station.
Multivariate statistical methods should give an objective assessment of the relationship of putative hybrids to their parents, and are easily applicable to a large number of individuals which need to be screened in a plant breeding programme. Krzanowski (1972) reviews several of the standard techniques in multivariate analysis. In the present paper four multivariate methods are compared in an attempt to find the most appropriate procedure to give a clear separation of maternal from hybrid offspring.
MATERIALS AND METHODS
Nine biotypes of P. pratensis were pair-crossed with two biotypes of P. ampla but not all combinations were available (table 1). Seed was harvested only from P. ampla. It was germinated in a glasshouse and after several weeks seedlings which showed any apparent deviation from the P. ainpia habit were selected for further study. These seedlings together with all P. pratensis parent biotypes and one of the P. ampla parent biotypes were vegetatively cloned. The second biotype of P. ampla was not available for cloning. Ten ramets of each clone were planted at 600 x 600 mm spacing in randomised blocks.
The following data were recorded on all ramets:
EE Ear emergence (half weeks)-date on which third panicle appeared above the ligule of flag leaf. -category 1, most leaves dead; category 3, most leaves green.
Data were tested for normality using a programme which gave a measure of skewness and kurtosis (Sokal and Rohif, 1969) . Transformations were carried out in an attempt to minimise the degree of skewness and kurtosis.
Homogeneity of within-clone dispersion matrices was tested using the method given by Seal (1964) .
Canonical analysis and principal components analysis are R-techniques based on variate by variate (SSP) matrices and are both standard mathematical procedures with the requirement that data should be multivariate normally distributed (Hope, 1968') . Principal co-ordinate analysis was developed as a method in numerical taxonomy; it is a Ojtechnique using an association matrix formed from the comparison between all pairs of individuals (Gower, 1966) , and therefore does not have a formal requirement for multivariate normality. A canonical analysis of discriminance was performed based on the algorithm given by Seal (bc. cit.) and using a (Gower and Ross, 1969) based on the sum of squared differences between their means. BMD programmes (Dixon, 1970) were used for principal components in which all data were standardised before analysis, and for calculating correlations. Standard programs were also used for principal co-ordinate analysis (Blackith and Reyment, 1971 ) and for calculation of Spearman's rank correlation coefficient (Davies, 1971) .
RESULTS
Clone means for each of the seven variates and the number of surviving ramets in each clone are shown in table 1; data from all putative hybrids are grouped after their respective pollen parents. Clone 45 was omitted from analyses since eight of the ten ramets died in the course of the field trial.
Normality tests on the data, and on the residuals (calculated by deducting the appropriate clone mean from the score of each ramet), gave similar results. Flag leaf breadth was the only variate with a normal distribution.
Results from the residuals are shown in table 2. Square root, log10, data squared and reciprocal transformations were tested. None of these transformations reduced distributions to normality and most increased the degree of skewness and kurtosis. Untransformed data were therefore used in all following analyses.
Clones 15 and 25 had only seven and six ramets surviving respectively. These clones would have yielded singular variance-covariance matrices since seven variates were measured, and hence were omitted from the test for homogeneity of dispersions. Within-clone dispersion matrices from the remaining 42 clones were heterogeneous (X2(1145) = 19284; P<0001).
Correlations between clones and between all 427 ramets are shown in table 3 for the seven variates.
The percentage of total variation taken up on the first three axes of canonical, principal components and principal co-ordinate analyses is shown in table 4. Scatter diagrams show the position of clones along the first three axes of variation for the three analyses (figs. I to 6). Foss. 1.-Canonical analysis. Clone positions on first and second canonical variates. Square, P. ampla; circles, P. pratensis clones; triangles, hybrid clones; dots, maternal clones. Diameter of 95 per cent confidence circle for clone with 10 ramets = 124 units (Seal, 1964) . Euclidean distances between each offspring, P. ampla and its pollen parent are included in table 1 (columns 10 and 11). Correlation coefficients and Spearman's rank correlation coefficients were calculated for distances between all clones and P. ampla, and the clone positions on the first axis of variation from the three analyses. Similarly, correlations were calculated between the clone positions for each of the first three axes of variation (table 5) . that all the clones which clustered near P. ampla in figures 1 to 6 were morphologically similar to the seed parent. On the basis of the multivariate analyses it was possible to distinguish between these maternal offspring and those hybrids which exhibited many P. ampla characteristics. Progeny tests (Williamson, 1976) have further confirmed the validity of the separation of maternals and hybrids as designated in column 12 of table 1.
Dxscussxor'
Multivariate techniques have been used in plant breeding to investigate various aspects of the relationship between inter-and intra-specific hybrids (Sneath, 1976) . Blackith and Reyment (1971) suggest that in a study of hybridisation a combination of morphometric and cytogenetic analyses is desirable but that the situation may arise where the morphometric approach may be the only one available. In the work reported here it represented the most practicable and objective method available and used data which were already recorded for agronomic assessment of the material. Recent studies (Spoor and Hay, 1978) indicate that electrophoresis could also be used in this situation.
The plant material was replicated by vegetative cloning so a canonical analysis of discriminance might be expected to give the best separation of clones since correlations between characters are eliminated and the environmental variation is minimised. However it was not possible to meet the requirement that data should be multivariate normally distributed. None of the transformations tested reduced the level of skewness or kurtosis on six of the seven variates. The heterogeneity of dispersion matrices was probably due largely to these non-normal distributions since the test is known to be sensitive to departures from normality (Hope, 1968) . This raises the question of how to modify data to fit the requirements for canonical and principal components analyses or, alternatively, whether it is legitimate to use them at all?
There are few reports of the effect of non-normality in data used for multivariate analyses. Goodman (1968) concluded that the effect of transformations designed to eliminate heterogeneity of dispersion matrices was negligible when he examined generalised distances using both transformed and untransformed data. Cooper (1963) found that the assumption of a multivariate normal distribution was not always necessary, and Blackith and Reyment (1971) point out that the collective evidence indicates that multivariate classification is mostly robust and may be used with confidence. Hope (1968) even suggests that the application of the chi-square test for homogeneity of dispersion is not always desirable, and he also comments that discriminant analysis and analysis of dispersion are sufficiently robust to withstand small discrepancies between dispersion matrices.
The close agreement between the positions of the clones in the three analyses (figures 1 to 6) and the high rank correlation coefficients (table 5) for the first and second axes showed that any one of these analyses would have enabled maternal clones to be distinguished from hybrid clones. This would seem to substantiate the view that, at least in this type of problem, a clear separation of the different types of clone was possible despite inherent limitations of the data, namely, unequal numbers per clone, some restricted scales of measurement and non-normal distributions, and heterogeneous dispersions. The techniques would therefore seem to be sufficiently robust to cope with practical problems in this field.
Distances have been widely used in numerical taxonomy as a measure of disparity between taxa (Sneath and Sokal, 1973) . The advantage of distance measures over other multivariate and clustering methods is that all the information concerning a pair of individuals is contained in the one statistic. The high correlations between the distances between each clone and P. ampla, and the clone positions along the first axes of variation showed that nearly all the information necessary for separation of hybrid from maternal clones was represented in the first axis for all three analyses. The close agreement between the clustering of the maternal-type offspring near P. ampla in the scatter diagrams and the more subjective visual assessment, together with the remarkably consistent picture obtained from the three analyses indicate that any one of these multivariate methods could be used with confidence to separate hybrids from maternal offspring.
